Abstract-Open abdomen (OA) is a surgical approach, that emerged in last 15 years, with its management being complicated, timely and financially demanding, burdened with high morbidity and mortality. In recent years, several publications proved superiority of usage of negative pressure wound therapy (NPWT) over usage of conventional temporary abdominal closure techniques in treatment of open abdomen. Different aspects of treatment of OA with NPWT remain to be assessed and stated.
gauze and transparent adhesive drape. This technique was published in 1983 as "staged lavage of abdominal cavity" , introduced by German surgeon Dr. Kern. 2 Recently published papers showed superiority of NPWT over conventional TAC in patients with OA. 3, 4 Because of high variability and relatively small numbers of patients, assessment in terms of evidence based medicine (EBM) is rather uneasy. Pursuit of recommendations based on literary metanalysis 5 is complicated and numerous recommendations are of level B, C, and D by SIGN metodology. 6 In our previous paper, we proved statistically significant decrease of mortality by 27.64% in patient with OA, managed by NPWT vs. conventional TAC (64.71% vs. 37.04%, p = 0.0256) 7 and proved statistically significantly higher success of local management of EAF, if NPWT was used. In this paper we compared retrospectively assessed group of patients (n = 17) with OA treated by Kern laparostomy, and prospectively assessed group of patients (n = 27) treated with NPWT. We continued to prospectively assess patients with OA treated with NPWT and using a "prospective registry" we assessed mortality and morbidity in certain aspects of NPWT usage (use of traction mechanism, use of NPWT in patients with EAF) and in relation to BMI on admission and maximum PCT and CRP values. Part of these results can be seen in recommendations, published by Bruhin et al. in 2014 (traction mechanisms, EAF management) and some of them were novel (inflammatory parameters and BMI). Standard algorithm of the therapy was as follows: all patients received complex intensive therapy aimed at primary disorder, surgical source control of the infection, intensive support therapy in terms of analgesia, circulatory and cardiovascular support, nutritional, renal, metabolic, and immunological support, thromboembolic and gastroduodenal ulcer prevention, and antibiotic therapy. All patients underwent complex laboratory and clinical monitoring daily.
II. MATERIAL AND METHODS

From
After formation of OA, in all but first four patients commercial kit was used, either KCI ATS (KCI, San Antonio, Tx, USA) or Vivanomed (Paul Hartmann AG, Heidenheim, Germany). In the first four patients we used a "home made" device, consisting of medicinal polyurethane foam Ligasano (Ligasano GmBH, Cadolzburg, Germany) connected through pressure valve, that was set on -125 mmHg, to central vacuum system in hospital.
Depending on the local status, either no traction mechanisms or compression sutures or their modification were used. Redresses were done every 48-72 hours, in exceptional cases the interval was up to 5 days. Closure of the abdomen at the time of redress was attempted, either in sense of STAR (staged abdominal repair), or as VAFC (vacuum assisted fascial closure) or VAWC (vacuum assisted wound closure). Continuous mode with -125 mmHg was used in all patients, in patients with EAF was the pressure lowered down to -75 mmHg. Generally, the fist one -two redresses were performed under general anesthesia in operation theatre, the latter redresses in anesthesiological department or intensive care unit under short propofol anesthesia or after pethidin i.m. administration.
In case of presence of the EAF, depending on the local and clinical state of the patient we used one of these approaches:
• creation of proximal stoma with surgical resection and/or closure of the fistula • attempt of primary closure of the fistula by PVA (polyvinylalcohol) covered with PUR (polyurethan) foam (in case of small fistula, without eversion of mucosa and good nutritional state of the patient) • diversion of enteral content by Govermann method (in case of surgically unsolvable, large, single fistula) 9 (diversion of fistula into stoma bag with use of barrier accessories)
• diversion of enteral content by AlKhoury method (in case of surgically unsolvable, multiple fistula)10 (diversion of fistula by introduction of catheter into fistula opening, Except for basic demographics of the group, following parameters and aspects were prospectively assessed: indication for OA, type of sequential closure mechanism, number of redresses, rate of fascial closure, rate of wound closure, fistula rate, rate of successful primary closure of the fistula, rate of successful diversion of the content of the fistula, initial BMI, maximum CRP and PCT. All parameters were stratified and assessed in terms of mortality.
Patient data were collected in spreadsheet application Microsoft Excel for Mac 2011, c 2010 Microsoft Corporation, Redmond, WA, USA. Statistical analysis was performed by Prism 6 for MAC OS X, c 1994-2014 GraphPad Software, San Diego, CA, USA. Table I and II. Mortality in the group based on indications are shown in Table III , and based on the type of fixation in Table IV . Overall mortality in the whole group was 35.41%. Analysis of closure of the fascia and closure of the wound stratified by indication for OA is stated in Table V . Assessment of the closure of the fascia and closure of the wound stratified by the type of fixation is stated in Table VI .
Assessment of the presence of the fistula, successful closure 5 Wound closure in 7 days 6 Wound closure in 10 days 7 Wound closure in 30 days 8 Over 30 days after the end of hospitalization 4 Wound closure in 7 days 5 Wound closure in 10 days 6 Wound closure in 30 days 7 Over 30 days after the end of hospitalization 6 successful closure of the fistula (primary or resection) 7 successful diversion of the fistula content 8 unsuccessful diversion of the fistula content of the fistula, successful diversion of the fistula, and their stratification based on the indication is shown in the Table VII. Mortality rate of the patients with fistulas is shown in the Table VIII . Maximal values of CRP, PCT, initial BMI in relation to mortality is shown in the Table IX. IV. DISCUSSION Use of NPWT in patients with OA showed its superiority over conventional techniques of temporary abdominal closure in a number of studies. 3, 4 This paper is an extension of prospectively assessed group of patients, started in our paper, that similarly showed lowering of mortality and morbidity in patients, where NPWT was used for treatment of OA. 7 In this paper we assessed prospectively 27 patients, after continuation No matter what type of sequential mechanism for closure of OA is used, whether these are dynamic compression sutures (DCS), static compression sutures (SCS), polypropylene meshes in terms of SMAC -sandwich mesh abdominal closure, 10 or commercially made systems (ABRA system, Canica Medical Products Inc., Ontario, Canada), they showed significantly higher ratio of possible fascia closure in patients with OA. [11] [12] [13] [14] [15] [16] [17] [18] [19] In our group the most commonly used fixation were static sutures (37.5%), in 39.5% of patients no fixation was used. If considering relative numbers, more than half of the patients with ACS (26% of all patients) had no fixation. Same relative ratio of use of SCS and no fixation (approximately 40% to 40%) was used in patients with tertiary peritonitis and in patients treated by damage control surgery. In patients with dehiscence of laparotomy, use of SCS (66%) highly exceeds other choices of fixation.
Overall wound closure rate is 83.33% and neither indication nor method of fixation had significant impact on the change. Vacuum assisted fascial closure is significantly lower in patients, where no fixation was used (5.25%) as opposed to those, where we used one of the types of fixation (66.67%-100%. p<0.0001). We found out in our patients, that centripetal power of closure of wound with NPWT is not sufficient enough to counter retraction of the fascia and ensure closure of the fascia in other circumstance, than by surgical deliberation (such as component separation technique). In the presence of longer lasting treatment, such operation is technically difficult, if not impossible to perform. In patients, where fixation mechanism for prevention of fascial retraction were used, we see significantly higher rates of possible fascial closure by ensuring relative proximity of fascial edges.
Enteroatmospheric fistula is considered the most devastating complication of OA, 20 with incidence ranging from 5% to 75%. [21] [22] [23] As more than 90% of fistulas are of iatrogenic origin, with their increasing incidence rate hand in hand with the prolongation of definite closure of OA, [21] [22] [23] the closure of OA should be performed as soon as possible. Even though there are debates over increased fistula rates in patient with OA managed by NPWT, 24 our latest paper did not support this opinion. 7 18 patients (37.5%) developed enteroatmospheric fistula. In 5 patients (27.78%) closure of the fistula (primary or by resection) was successful, in other 7 patients (38.89%) fistulas were successfully managed by enteral content diversion either by Goverman or AlKhoury method. In one third of the patients with fistula (33.33%, 6 patients), we were unable to control the enteral content. While sum mortality for patients with developed fistula were 44.44%, in patients, where we could perform closure or diversion of the fistula, mortality rate was 20% and 28.57%. Patients with untreatable enteroatmospheric fistula reached mortality rate of 83.33%, stating statistically significant (p = 0.0356) inability to treat fistula as a predictor of mortality in patients with OA.
Two group of patients (survivors, non-survivors) were stratified with BMI (Body Mass Index), maximum CRP (C reactive protein) and PCT (Procalcitonine). No statistically significant data could be identified stating, that neither BMI, nor maximum CRP or PCT can be identified as a mortality predictor in patients with OA.
V. CONCLUSION
Use of NPWT in patients with OA has shown to be a golden standard in management of patients with OA. Use of NPWT significantly lowers morbidity and mortality in patients with OA. Use of sequential closure mechanisms of abdominal wall significantly increases rate of fascia closure, having impact on aesthetic and functional properties of abdominal wall ad should be a gold standard in management of patients with OA with NPWT. Management of enteroatmospheric fistulas with NPWT remains one of the few effective possibilities of diversion of enteral content, which, when not diverted, is proved to be a predictor of mortality. Temporary abdominal closure should be performed as soon as possible to avoid complications of OA (fistula, fascia retraction).
Although NPWT brought many positive improvements to patients with OA, it remains a new, rapidly developing method, which has to be viewed as a complementary method in surgical wound management.
